To investigate dietary patterns, collagen stable isotope ratios (δ 13 C and δ 15 N) were measured from fauna (n = 21) and humans (n = 23) from a rescue excavation at the Roman site (1st to 4th c. AD) of Carrer Ample 1 in Barcelona, Spain. The adult human results (δ 13 C = − 18.9 ± 0.3‰; δ 15 N = 11.1 ± 0.4‰) indicate a C 3 terrestrial diet based on domestic animals such as pigs and sheep/goats, with no differences between the males (δ 13 C = − 18.8 ± 0.4‰; δ 15 N = 11.0 ± 0.4‰) and females (δ 13 C = − 19.0 ± 0.2‰; δ 15 N = 11.1 ± 0.5‰). Two infants show 15 N-enriched (14.2‰ and 16.1‰) results characteristic of nursing, and a child of 4-5 years of age (δ 15 N = 13.0‰) suggests that breastfeeding could have continued until at least this age for some individuals. The two older children (8-10 years old) showed the most 15 N-depleted values (8.9‰ and 9.1‰), and this is possible evidence of an adolescent diet that was different compared to the adult population. Comparison of the Carrer Ample 1 results with previous isotopic research from other coastal Roman sites (Leptiminus, Isola Sacra, Velia, Poundbury) shows that a degree of regional variability in diet existed within the Roman Empire.
Introduction
Much of our knowledge about diet in Classical Antiquity is derived from ancient texts, such as De re coquinaria from Apicius; literature on medical treatments; works of art, especially wall and vase painting and Roman mosaics; and from archaeological evidence in the form of faunal and plant remains, food preparation utensils, and storage vessels (Keenleyside et al., 2009) . While these sources provide valuable information on the types of foods that were available and how they were prepared for consumption, they cannot tell us, with certainty, what foods were actually eaten. For this reason, stable isotope ratio analysis of collagen from human skeletal remains has become a routine technique in bioarchaeology to identify and define certain types of foods consumed (e.g. Katzenberg, 2000; Lee-Thorp, 2008) . These isotopic results primarily reflect the protein component of the diet averaged over the entire lifetime of an individual, including a large portion of collagen synthesized during later childhood and adolescence (Stenhouse and Baxter, 1979; Hedges et al., 2007) . However, recent studies have shown that nearly 40% of the carbon in bone collagen can originate from non-protein sources (Froehle et al., ⁎ ⁎ Corresponding author at: Depertament de Ciències Mèdiques, Facultat de Medicina, Universitat de Girona, Emili Grahit, 77, 17071 Girona, Spain.
Email address: carme.rissech@gmail.com (C. Rissech) 2010). Briefly, stable isotope ratios are defined as the ratio of the heavier to the lighter isotope ( 13 C/ 12 C or 15 N/ 14 N) and are compared in terms of δ values in parts per 1000 or "per mil" (‰) in relation to internationally defined standards for carbon (Vienna Pee Dee Belemnite, VPDB) and nitrogen (Ambient inhalable Reservoir, AIR) (Schwarcz and Schoeninger, 1991 ). An in-depth discussion on the use of stable isotope ratios to reconstruct past diets is beyond the focus of this paper but a variety of reviews are available to provide such detail (e.g. Katzenberg, 2000; Lee-Thorp, 2008; Reitsema, 2013 Reitsema, , 2015 Canti and Huisman, 2015) .
Stable carbon and nitrogen isotope ratio analysis has been used to study Roman populations, mainly to (1) determine the proportion of marine vs. terrestrial foods in the diet (e.g. Richards et al., 1998; Prowse et al., 2004; Craig et al., 2009; Keenleyside et al., 2009; Crowe et al., 2010; Redfern et al., 2010) ; (2) examine age and sex-based differences in diet (e.g. Prowse et al., 2005; Cheung et al., 2012; Killgrove and Tykot, 2013; Müldner, 2013) ; (3) investigate infant feeding practices (e.g. Dupras et al., 2001; Dupras and Tocheri, 2007; Fuller et al., 2006a; Prowse et al., 2008) ; and (4) examine temporal changes in diet (e.g. Richards et al., 1998; Fuller et al., 2010 Fuller et al., , 2012a Redfern et al., 2010) . However, while the use of isotopic measurements for palaeodiet reconstruction has increased over the past decade, only a small number of studies have so far focused on sites from Spain and most of these were from the Balearic Islands (Davis, 2002; Van Strydonck et al., 2002 , 2005 Márquez-Grant et al., 2003; Garcia et al., 2004; Fuller et al., 2010; Nehlich et al., 2012) , Canary Islands (Arnay-de-la- Rosa et al., 2009) and from prehistoric contexts (Arias and Schulting, 2010; Salazar-García et al., 2013 , 2014 . Little research has been published on mainland Spanish Roman skeletal assemblages, but see López-Costas (2012) and Salazar-García et al. (2016) .
Here we present carbon and nitrogen isotopic results for a sample of humans (n = 23) and animals (n = 21) from the site of Carrer Ample 1 in the city of Barcelona, Spain. The objective of this preliminary report is to examine the dietary patterns of this population; in particular, do the data support the historical accounts of the Mediterranean Roman diet such as the prominent consumption of marine foods, given that the site was located on the Mediterranean coast? We then review the literature to compare the Carrer Ample 1 results with other coastal Roman sites to examine dietary patterns across the Roman Empire.
Archaeological, historical, and geographical background
Barcelona lies on the northeast of the Iberian Peninsula, in the central third of the Catalonian coast, between the Llobregat River (to the south) and the Besos River (to the east), and it is bordered in the north by the Collserola mountain range (Fig. 1) . Established by the emperor Augustus in the year 14 BCE, the Roman colony of Barcelona was officially called Colonia Iulia Augusta Paterna Fauentia Barcino or simply Barcino (Hernández, 2001) . Barcino was erected on a small hillock called Mont Taber in the Middle Ages (15 m above sea level) covering an area of approximately 10 ha. Barcino had the usual architectural structure of a Roman colony: the enclosure was overall rectangular, although the angles were adapted to fit the shape of the hillock (Fig. 1) and two main streets ran out from the four gates and formed a cross [Decumanus Maximus and Cardo Maximus, (Hernández, 2001) ]. The Decumanus Maximus extended along the axis of the mountain to the sea, now occupied by the streets of Carrer Bisbe, Carrer de la Ciutat and Carrer Regomir. The Cardo Maximus extended along the perpendicular axis to the Decumanus Maximus (Besòs-Llobregat), corresponding to today's Carrer Libreteria and Carrer del Call streets. There were four gates in total. The Decumanus Maximus had the Porta Praetoria in the northwest and Porta Decumana (or Sea Gate) in the southeast. The Sea Gate was the main gateway to the city. The Cardo Maximus had the westerly Porta Principalis Dextra and the Porta Principal Sinistra situated in the east. The surrounding territory (ager) was divided into plots and subjected to intense agricultural exploitation by the colonists and later by numerous villae. Important commercial products produced in the area included cereals and wine, plus iron from the Gavà mines (Gavà is a city located west of Barcelona), and clay from Montjuic (a steep hill overlooking Barcelona to the southwest) which was the preferred building material in the majority of the Barcino buildings (Álvarez and Estrada, 2009; Bordas et al., 2009 ). Trade and commerce were crucial to the subsequent development of the city and the Llobregat River was an important means of communication to the interior of Catalonia (Keay, 1984) . Finally, seafaring and fishing were also important industries for Barcino, and the city was renowned for its oysters (Sánchez, 2005; Fuertes-Prieto and Fernández-Rodríguez, 2010) . The city saw continuity into the late Roman and Visigothic period and had a strong Christian presence (Hernández, 2001) .
As was customary in Roman cities, the necropolises of Barcino were located outside of the city wall but along the main roads. The higher social status individuals had burial spaces nearest to the gates. Two main cemetery areas have been located so far in Barcelona. One is situated in the northeast of Barcino and is related to the Porta Principal Sinistra and the Riverside Neighbourhood with an important necropolis called Villa de Madrid with 90 tombs excavated (Fig. 1d,  C) . The other area lies to the southwest of Barcino and is related to the Sea Gate (Triay-Oliver, 2006; Juárez-Arroyo, 2009; Prida, 2009) . It was discovered by rescue excavations at several sites: Anselm Clavé Street, Passeig de la Pau and Carrer Ample 1 (Fig. 1d, A) . This area of the necropolis is currently called Via Sepulcral de la Porta del Mar. -the Sea Gate cemetery road.
The site of Carrer Ample 1
As a result of a rescue excavation by ArqueoCat SL between 2007 and 2008, a portion of a 2nd century A.D. Roman necropolis was discovered on Carrer Ample street (hence the name), immediately southwest of the Roman city (Triay-Oliver, 2006; Juárez-Arroyo, 2009; Prida, 2009) . The entire site dates between the 1st -4th century A.D., and is related to seafaring activities during the foundation period (1st century) of the Roman colony of Barcino. In total, 24 individual Roman graves were recovered and these had a varied typology of burial styles -pitched roof, partially built tombs with head and foot stones or tegulae (flat Roman tiles), with or without coffins with stone and/or tegula roof covers, and simple earth-cut graves -characterized by their simplicity and absence of grave-goods. The deceased were buried in an extended supine position, with the head pointed to the northwest and feet to the southeast. The burials were dated between the 2nd -4th c. A.D on the basis of the archaeological data obtained during the excavation (Pujol-Bayona et al., 2011) . The layout of the funerary complex did not reveal any specific pattern or distribution according to burial typology, age or sex (Fig. 2) . The skeletal remains were subjected to osteological examination by Pujol-Bayona et al. (2011) . 
Roman diet
Much of the information that we have on Roman diet comes from ancient texts (see Giacosa, 1994; Faas, 1994; Garnsey, 1999; Alcock, 2006; Cool, 2006; Wilkins and Hill, 2006) . For example, the recipe book of Apicius (The Art of Cooking) describes gourmet meals; the physician Galen (129-200 A.D) wrote about the medical properties of certain foods (On the Properties of Foodstuffs), and the writers in Athenaeus' The Learned Banqueters compared different dishes. It is important to note that all these texts were written by and for the upper classes, with most describing the culinary customs of contemporary Italy or the eastern Mediterranean. Moreover, moralizing agendas can influence an author's view of food in the present and past (Purcell, 2003; Wilkins and Hill, 2006) . Therefore, one must be cautious when attempting to extrapolate the culinary customs and practices of specific archaeological populations, often of lower classes, at a specific place and period of time. Furthermore, it is well known that Roman provincial residents both adopted new value-systems and maintained continuity with former ways of life in a rather complex fashion and in relation to class, gender, status and age categories (Woolf, 1998; Cool, 2006; Mattingly, 2006; Van der Veen, 2008) .
As the documentary sources indicate, what can be termed as the Roman diet focused on a Mediterranean triad made up of cereals, olive oil, and wine, together with legumes including broad beans, lentils, chick peas and garden peas (Faas, 1994; Garnsey, 1999) . Wheat and barley were the source of dietary protein, and bread was made using a variety of cereals (Faas, 1994) . Millet, a cereal that thrives in dry conditions, was consumed in some parts of Eastern and Southern Europe (Murray and Schoeninger, 1988; Schoeninger and Moore, 1992; Mays, 1998) as well as in the north-eastern region of the Iberian Peninsula (Alonso, 2000) . Olive oil was the main source of dietary fat and was used in almost every dish (Faas, 1994) . Cheese made from goat and sheep milk was a popular food item, and geese and chickens provided eggs (Faas, 1994) . The Romans also ate a va riety of fruits, vegetables, and nuts, and honey was the main sweetener (Van der Veen, 2008) . Wine was widely consumed but was usually diluted with water. Meat, at least in the broad Mediterranean context, derived primarily from pigs, and in lesser quantity from sheep and goats (Faas, 1994; Garnsey, 1999) . The proportion of different kinds of meat consumed varied by region, class, and site type (King, 1999; MacKinnon, 2004) . Fish preserved, fermented or salted, were important across the whole Roman period. In the coastal provinces of Hispania (the Roman Iberian Peninsula), great quantities of fish were obtained and prepared, often then to be distributed to the urban centers; different fish sauces such as garum were prepared. Garum was a fish paste which accompanied a variety of dishes (Garnsey, 1999) . One of the biggest garum (garum hispanum) and salting factories of Hispania was in Baelo Claudia (today's Cádiz). However, in Roman times, fish (by itself) was not a staple foodstuff as the bulk of the population were farmers, not fishermen, so the consumption of fish was not common in many areas. Instead fish was considered an important dietary supplement in fishing villages and for city dwellers. However, some kinds of fish and shellfish were considered a delicacy, and this led to the construction of salt and freshwater fish farms to breed species valued by the wealthy, such as the cultivation of oysters on the coast of Barcino (Fernandez-Rodríguez et al., 1998; Genera-Monells et al., 2010) .
The ancient literary texts also show class differences could exist in both the quantity and quality of the foods consumed (Garnsey, 1999) . For example, barley was considered of inferior status than wheat and as a consequence barley was eaten frequently by the lower classes (Dalby, 2003) . In contrast, meat was a food of prestige which was an important component of the diet among members of the upper class (Garnsey, 1999) . Wealthy individuals also had a more varied diet overall drawing especially on diverse wines, olive oils and wild game. Presentation, preparation, variety, and spicing were fundamental ways among the elite to distinguish luxury dining (Dunbabin, 2003; Sánchez, 2005) .
Material and methods
Samples for stable isotope ratio analysis were collected from the ribs or, if no ribs were available, from diaphyseal long bone fragments from the 24 individuals at Carrer Ample 1. Sex and age estimation for each of the skeletons was determined according to standard methods (e.g., Buikstra and Ubelaker, 1994; Brickley and McKinley, 2004; Rissech et al., 2006 Rissech et al., , 2007 Rissech et al., , 2013 . For a detailed methodology see Pujol-Bayona et al. (2011) . To understand the trophic context for the human isotope data, a total of 26 faunal bone samples from consumption refuse excavated at the site and identified by Lluís Lloveras was analyzed. The samples consisted of bones of cattle, pigs, sheep/ goat, chickens, red deer, and unidentified birds. They were used in order to establish baseline isotopic data against which the human isotopic values could be compared.
Bone collagen from these 24 humans and 26 animals was isolated at the Department of Human Evolution, Max Planck Institute for Evolutionary Anthropology in Leipzig, Germany, using the protocol described in Richards and Hedges (1999) , modified to include a final stage of ultrafiltration prior to lyophilisation (Brown et al., 1988) . The extracted collagen was well preserved and the majority of samples had collagen yields of over 1% and C:N between 2.9 and 3.6 (21/26 animals; 23/24 humans), which is indicative of collagen suitable for isotopic analysis (DeNiro, 1985) . The purified collagen was then placed in tin capsules and combusted in duplicate in separate runs to CO 2 and N 2 in an automated carbon and nitrogen analyzer (Carlo Erba) coupled to a continuous-flow isotope ratio-monitoring mass spectrometry (PDZ Europa Geo 20/20). Replicate measurement errors on known standards were < 0.2‰ for both δ 13 C and δ 15 N values. Samples were then statistically analyzed by non-parametric Mann-Whitney U tests. Where more than two groups were compared, nonparametric Kruskal-Wallis H one-way ANOVA tests were applied and followed up in case of significance by Bonferroni-adjusted Mann-Whitney post hoc tests. Results were considered significant at p ≤ 0.05.
Results
The acceptable δ 13 C and δ
15
N results from the 21 fauna and 23 humans are listed in Tables 1 and 2 and plotted in Fig. 3 . Given that Carrer Ample 1 was a rescue excavation, the number of skeletal remains available for study was relatively small, but they permit an important understanding of the isotopic ecology of the site as well as a first understanding of the human diet during the Imperial Roman period (2nd -4th c. A.D) at Barcelona.
Fauna
Stable isotope ratio analysis of the 21 faunal samples (Table 2) (Fuller et al., 2012a) . The two sheep/goats also have similar δ 13 C values (− 20.6‰ and − 20.3‰) but different δ 15 N values (3.9‰ and 6.2‰). Given the small sample size it is difficult to make secure conclusions, but the sheep/goats with the 15 N-enriched values might also indicate some human refuse consumption. A single chicken was analyzed, and it had the most 13 C (− 18.6‰) and 15 N-enriched (10.3‰) values of all the domestic animals studied. This chicken plots with the human isotopic results, and this might indicate that it was consuming a human diet, possibly in the form of leftovers, also a conclusion made at other Roman sites (e.g. Müldner and Richards, 2007; Fuller et al., 2012a ). These bird bones could not be identified to species, but their 13 C-enriched measurements suggest that they had a marine protein diet and so were likely seabirds.
Adult humans
The 15 adult humans studied (Table 1 ) have a narrow δ 13 C (− 19.5‰ to − 18.4‰; mean ± SD = − 18.9 ± 0.3‰) and δ 15 N 
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Journal of Archaeological Science: Reports xxx (2016) xxx-xxx (10.4‰ to 11.7‰; mean ± SD = 11.0 ± 0.4‰) range that is evidence of a homogenous terrestrial C 3 protein diet based on the domestic animals. Due to the small sample size of this rescue excavation study, it is difficult to comment on the types of animals consumed, but it seems that both chicken (high δ 15 N value) and cattle/deer (low δ 15 N values) were not readily eaten by this population and that pigs and possibly sheep/goats were the main dietary protein sources. This is in agreement with the historical sources (see Roman diet section above). There is little evidence for C 4 or marine foods in the diet of this population, and this is interesting given the proximity of this population to the coast and since other studies have identified both C 4 and/or marine food consumption during the Roman period (Richards et al., 1998; Prowse et al., 2004; Craig et al., 2009; Keenleyside et al., 2009; Crowe et al., 2010; Redfern et al., 2010; Cheung et al., 2012; Killgrove and Tykot, 2013; Müldner, 2013; Rissech et al., 2013) . No significant differences in the isotopic values were observed between males [δ 13 C (− 18.0 ± 0.4‰) and δ 15 N (10.9 ± 0.5‰)] and females [δ 13 C (− 19.0 ± 0.0‰) and δ 15 N (11.1 ± 0.5‰)] from Carrer Ample 1, with a p = 0.156 for δ 13 C and p = 0.712 for δ 15 N.
Infants and children
The two infants have elevated δ 15 N values, and this reflects the fact that they were still being breastfed prior to their death (Fuller et al., 2006a) . A total of six children from Carrer Ample 1 between the ages of 4-10 years were also isotopically studied. One child (ENT 8), aged between 4 and 5 years, shows an elevated δ 15 N value, possibly indicating that breastmilk was still consumed at the time of death. Three children have carbon and nitrogen results identical to the adult population, but the two oldest children between 8 and 10 years old show 15 N-depleted values (8.9‰ and 9.1‰) and one of these (ENT 11) has the most 13 C-depleted result (− 20.0‰) of all the individuals studied.
Discussion

Breastfeeding and weaning at Ample 1
The δ 15 N values of the infants are high as a result of breastfeeding, but individual ENT 9 shows a result (16.1‰) that is elevated by approximately 5‰ compared to the mean values of the adult population. This is a much larger trophic spacing than normally observed (Fuller et al., 2006a (Fuller et al., , 2006b , and could suggest that if more individuals from the necropolis were examined, a much wider range of δ 15 N values might be discovered. It is also possible that this 15 N-enriched value might be indicative of sickness or nutritional stress in this infant (e.g. Fuller et al., 2005) . The child, ENT 8 aged 4-5 years old, shows a possible late age of weaning. Similar results have been found in other Roman populations (e.g. Fuller et al., 2006b ), but without additional research on a larger number individuals it is impossible to determine the detailed breastfeeding and weaning practices of this population. The two older children (ENT 11 and 21) have lower δ 15 N values, and this could reflect that there was a different diet for the older children or adolescents, containing less animal protein in the diet (Reitsema and Muir, 2015) . However, again a larger and more detailed study is necessary to confirm this interpretation.
Marine food consumption at Ample 1
According to the results presented here, the general pattern of the ancient Mediterranean diet, which is dominated by C 3 terrestrial plant foods with the addition of meat in the form of domestic livestock is observed at the Carrer Ample 1 site. However, is interesting to note the elevated δ 15 N value of the population (11‰) which is higher than expected given a trophic level spacing of 3-5‰ (Lee- Thorp, 2008) . Given the small sample size, this could be the result of the fact that the faunal data may not be entirely representative of the animals available for consumption. Still, the 15 N-enriched results of two pigs suggest that these animals are capable of having high δ 15 N values, possible evidence of increased pork consumption at Carrer Ample 1.
However, the consumption of fish appears to have been very slight or entirely absent in this population. According to the archaeological and anthropological data, the population buried at Carrer Am ple 1 had a low socio-economic status (Pujol-Bayona et al., 2011) and during the Roman period, fish were considered expensive food items, suggesting that any regular consumption of fish was possibly restricted to elite members of society (Frayn, 1993; Prowse et al., 2004) .
In addition, the prevalence of dental caries observed in the of Carrer Ample 1 population (24.1%) is one of the highest for a Roman population from the Iberian East coast, and more resembles a Medieval populations of the same Iberian region (Pujol-Bayona et al., 2011) . This high caries rate has been linked to diets high in carbohydrates with only minor amounts of protein intake (Gómez-Bellard and Reverte Coma, 1988; Sealy and van der Merwe, 1988; Littleton and Frohlich, 1993 ). An inverse correlation between the frequency of caries and marine food consumption was documented in many coastal populations (Walker, 1978; Costa, 1980; Arnay-de-la-Rosa et al., 2009b) , because the consumption of protein rich marine foods such as fish contain high levels of fluoride, which can inhibit the formation of caries (Sealy and van der Merwe, 1988) . Furthermore, this lack of significant consumption of marine protein is also supported by the fact that isotopic analysis of both modern and archaeological fish bones (grouper, pandora, barracuda and moray eel) from the Mediterranean have 13 C-enriched (− 8.3‰ to − 14.1‰) and 15 N-enriched (7.8‰ to 11.4‰) values (Garcia-Guixé et al., 2010) . Thus, we would have expected humans consuming these marine fish to display the typical 13 C-enrichment that has been documented in other populations (Walker and DeNiro, 1986; Richards et al., 2006) . However, it is still possible that marine resources from an estuary setting might have been consumed as organisms such as fish have 13 C-depleted and 15 N-enriched values (e.g. Fuller et al., 2012b) . This could account for the elevated δ 15 N results of the Carrer Ample 1 population, and more research on archaeological nearshore marine fish from the western Mediterranean, and Spain in particular, is necessary.
As noted earlier, garum, or fish sauce, was important in Barcino and fish processing tanks were found at Barcino (Sánchez, 2005; Genera-Monells et al., 2010) . Unfortunately, no garum or any other kind of archaeological evidence in support of garum consumption was recovered at Carrer Ample 1, and so it is difficult to determine if it was consumed in significant quantities by the local population. However, garum samples from Italy had a mean δ 15 N value of 6.5 ± 1.7‰ and a mean δ 13 C value of − 14.7 ± 0.6‰, suggesting that it was made from lower trophic level species such as sprats (Prowse et al., 2004) . If the garum produced at Barcino was isotopically similar to the Italian garum, then it is possible that the inhabitants of Carrer Ample 1 also consumed this dietary item in addition to C 3 terrestrial plant and animal proteins. This might be expected given the coastal location of the Carrer Ample 1 site, but clear evidence of higher trophic level marine protein consumption is lacking in the collagen δ 13 C and δ 15 N results.
Carrer Ample 1 vs. other coastal Roman sites
It is valuable to compare the Carrer Ample 1 results in relation to previous studies from other Roman sites, notably the coastal Mediterranean sites of Leptiminus, Isola Sacra, Velia and Poundbury, from the northwest coast of the Roman Europe.
Leptiminus was a Roman city on the Mediterranean coast of Tunisia dated from the 2nd to 5th centuries AD, in which the archaeological evidence suggests that both wealthy and lower status individuals were buried in the cemetery (Keenleyside et al., 2009) .
Isola Sacra was a Roman necropolis situated outside Portus, the port city of Rome, Italy (Prowse, 2001; Prowse et al., 2004 Prowse et al., , 2005 . The necropolis was active from the 1st to 3rd centuries AD and was a key center of trading for the Roman Empire and was directly linked to the city of Rome (Prowse et al., 2004 (Prowse et al., , 2005 . The inhabitants of Portus were mostly middle-class administrators, traders, and merchants (Mannucci and Verduchi, 1996) .
Velia was a Roman city situated to the south of Portus. The economy of Velia was mainly centered upon the port activities of the city (Morel, 1999; Craig et al., 2009) . The necropolis was situated adjacent to the port, just outside the south entrance of the city (Porta Marina Sud), being active from the 1st to 2nd centuries AD. It contained both inhumations and cremations, displaying a great variety of tomb typology (including mausoleums), but the grave-goods do not suggest high prestige and overall the assemblages were not indicative of social asymmetry or class distinction within the necropolis (Craig et al., 2009) .
In contrast, Poundbury was a large cemetery close to the Roman town of Durnovaria, Dorchester, U.K (Richards et al., 1998) . The human remains of this cemetery date from the Iron Age until the Early Post-Roman period. The majority of the burials from the Late Roman period belong to the 4th century AD (Farwell and Molleson, 1993) . As well as varied tomb types (including mausoleums), the grave-goods do suggest that the Poundbury cemetery population featured both wealthy and lower status social classes (Richards et al., 1998) .
The anthropological and archaeological data from Carrer Ample 1, suggest that the individuals were not wealthy or privileged elites of Roman society. The paleopathological markers (stature, hypoplasia and growth) of the skeletons, the simple typology of the tombs and the absence of grave-goods are indicative of low socio-economic position of the individuals from Ample 1. In addition, the great distance between the location of the Carrer Ample 1 tombs and the Sea Gate of Barcino also supports the idea of a low socio-economic position of its population since individuals having an important social status were always buried close the city gates in Roman times (Prida, 2009 ). Therefore, there are strong indications that the individuals of Carrer Ample 1 were lower class individuals, possibly, slaves or free peasants serving in a late Roman Villae in the suburbium of Barcino (Pujol-Bayona et al., 2011) .
Examination of the adult mean ± SD isotopic results from the five sites reveals a strong linear trend (Fig. 4) indicating dietary diversity was prevalent in these different regions of the coastal Roman world. Leptiminus has the highest mean values for both δ 13 C Fig. 4 . Plot of mean δ 13 C and δ 15 N values for the sites of Carrer Ample 1, Spain Leptiminus, Tunisia (Keenleyside et al., 2009) , Isola Sacra, Italy (Prowse et al., 2004 (Prowse et al., , 2005 , Poundbury Camp, UK (Richards et al., 1998) , and Velia, Italy (Craig et al., 2009). (− 17.8 ± 0.6‰) and δ 15 N (12.9 ± 1.3‰) while Velia has the lowest δ 13 C (− 19.4 ± 0.3‰) and δ 15 N (8.6 ± 1.4‰) results of the populations studied (see Table 4 and Fig. 4) . The δ 13 C and δ 15 N values of Leptiminus are followed by those of Isola Sacra (δ 13 C = − 18.8 ± 0.3‰; δ 15 N = 10.8 ± 1.2‰) and Carrer Ample 1 (δ 13 C = − 18.9 ± 0.3‰; δ 15 N = 11.0 ± 0.4‰), and no significant differences were observed between these sites when a one-way ANOVA test was applied (Table 4 , Fig. 4) . Late Roman Poundbury has lower δ 13 C (− 19.0 ± 0.7‰) and δ 15 N (9.6 ± 1.3‰) values than Isola Sacra, and Carrer Ample 1, but the large overlap in the δ 13 C standard deviations between the three sites confirms that there are no significant differences (Table 4) . However, the Poundbury mean δ 15 N value was found to be significantly lower than both Isola Sacra and Carrer Ample 1 (Table 4) . These results could suggest that Leptiminus and then Isola Sacra appear to have had the highest consumption of marine protein. This was followed by Carrer Ample 1, Poundbury and finally Velia in order of importance, although clear evidence for marine diets was found in some individuals (elites buried in mausoleums) at Poundbury (Richards et al., 1998) and at Velia (Craig et al., 2009) .
The fact that the Leptiminus, Isola Sacra and Poundbury sites included higher status and wealthy individuals could be one possible explanation for the dietary differences between these populations and Velia and Carrer Ample 1 in relation to fish consumption. It is also possible that the dietary differences of the populations of Leptiminus, Isola Sacra and Late Roman Poundbury can be explained by regional isotopic differences in dietary diversity. However, in comparing these four Mediterranean Roman sites and Poundbury, which is situated on the Atlantic southwest coast of England, we must also recognize the possible effect on δ 13 C values of plant food sources being lower by 1-2‰ in northern Europe compared to Mediterranean regions (Richards and van Klinken, 1995) . In addition, isotopic differences between Atlantic and Mediterranean fish should be considered. Although the two regions can have variable isotopic results related to local environmental conditions, the fish from the Atlantic appear more 13 C-and 15 N-enriched (Arnai-de-la-Rosa et al., 2010) than those of the Mediterranean (Garcia-Guixé et al., 2010) . Future studies that examine archaeological fish stable isotope remains from different parts of coastal Europe are needed to better understand these findings.
Finally, while only a small number of individuals were studied at Barcino, an absence of significant sex differences in the δ 13 C and δ 15 N values at Carrer Ample 1 is observed (Tables 1 and 3 , Fig. 3 ), and this suggests that both men and women consumed similar foods. This finding is in agreement with the isotopic results from Leptiminus (Keenleyside et al., 2009 ) but differs in regard to those from Late Roman Poundbury, Velia and Isola Sacra. Although Richards et al. (1998) did not find sex differences for δ 13 C and δ 15 N between males and females in Late Roman and Post Roman burials from Poundbury when they were analyzed together, we found significant sex differences in δ 15 N (t = 3.572 p = 0.001*) when the Late Roman burials were analyzed separately (Table 3 ). In the case of Isola Sacra, overall results indicated that females have δ 13 C values lower than males and similar values for δ 15 N (Prowse et al., 2005) . However when the data were analyzed taking into account age categories, the δ 15 N values were consistently higher among males than females (Prowse et al., 2005) . In the case of Velia the individuals with higher values of δ 13 C and δ 15 N were mostly males (Craig et al., 2009 ). These sexual differences have been interpreted as reflecting greater consumption of terrestrial C 3 foods by females and less consumption of marine foods compared to males (Prowse et al., 2005; Craig et al., 2009) . It is clear that more isotopic work should be directed toward additional Roman sites, especially in Spain, to better understand how dietary practices were influenced by gender.
Conclusions
This preliminary project reports carbon and nitrogen isotope ratios on skeletons recovered from a Roman archaeological population on the mainland of Spain to examine human diet at the site of Carrer Ample 1 in Barcelona. It was revealed that the humans had a C 3 terrestrial diet that was based on domestic animals, with pigs and sheep/goat likely providing the bulk of the dietary animal protein, and with cattle, red deer, and chicken consumed on a less frequent basis. No dietary differences were observed between the sexes and the youngest infants and children displayed 15 N-enriched values characteristic of breastfeeding. The results of the present study also highlight that regional variability in diet existed within the Roman Empire, and suggests that north of Africa is one of the regions in which there was more consumption of fish. However, given the large number of archaeological sites in Spain it is clear that much more work needs to be done with increased sampling of urban and rural burial populations from the Roman Period, and this is an area of active research.
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